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I.What are the clinical presentation and predictors of chest infections in children and which findings raise the suspicion for complications?II.When are chest radiographs useful in children with suspected pneumonia?III.How does chest radiography compare to cross-sectional imaging in the evaluation of chest infections in children? When is chest CT indicated?IV.What is the role and diagnostic performance of imaging studies (radiography, ultrasound, CT) for the treatment planning of complicated pneumonia with empyema and pleural effusions?V.What are the relative roles of imaging studies in medical therapy, minimally invasive intervention such as thoracostomy or thoracentesis, and surgical treatment for pneumonia complicated by pleural involvement?

Definition and Pathophysiology {#Sec2}
==============================

Pneumonia is defined as an infection of the lungs. Acute respiratory infections are the most common infection of the human host. The majority of these are of the upper respiratory tract, but infections of the lower respiratory tract are frequent challenges for clinicians caring for children. Most of these illnesses are mild, and patients suffering from them are appropriately cared for in an ambulatory setting, but a small number are ill enough to require hospitalization and some die. Thus, lower respiratory tract infections, particularly pneumonia, constitute a major health problem both in the United States and throughout the world. Bacterial pneumonias make up only a small number of lower respiratory tract infections but have the highest mortality rates. The infectious agents responsible for pneumonia and lower respiratory tract infection can be divided into bacterial, viral, fungal, mycobacterial, and atypical causes. Incidence of specific pathogens differs by age (Table [27.1](#Tab27_1_147877_1_En){ref-type="table"}). The most common pathogens in children are *Streptococcus pneumoniae* and *Haemophilus influenzae*, followed by *Staphylococcus aureus* and *Streptococcus pyogenes* ([@CR1]--[@CR5]). In particular, *S. aureus* and gram-negative pathogens can affect newborns and malnourished children ([@CR5]). Viral illnesses such as respiratory syncytial virus (RSV), influenza, parainfluenza, and adenovirus have been identified in approximately a quarter of children with pneumonia ([@CR5]). The potential complications of pneumonia include parapneumonic (pleural) effusion, empyema, or abscess. Empyema is treated either medically, surgically, or with placement of drainage tubes. Abscesses and necrotizing pneumonias are usually treated medically, but interventional procedures such as drainage tube placement might sometimes be used.Table 27.1.**Infectious pneumonia by age**0--4 weeks4--8 weeks8--12 weeks12 weeks--4 years5-Year adolescenceEtiology (in the order of prevalence)-- Group B*Streptococcus*,-- gram-negative enteric bacteria,--*Listeria* *monocytogenes*--*Chlamydia* *trachomatis*,--Viruses (RSV, parainfluenza)--*Streptococcus pneumoniae*,--*Bordetella pertussis*,--Group B *Streptococcus*, --gram-negative enteric bacteria,*--Listeria* *monocytogenes*--*Chlamydia* *trachomatis*,--Viruses (RSV, parainfluenza)--*Streptococcus pneumoniae*,--*Bordetella pertussis*--Viruses (RSV parainfluenza,Influenza,adenovirus, rhinovirus),--*Streptococcus pneumoniae*,--*Haemophilus influenzae* (non-type B),--*Moraxella catarrhalis*, --group A *Streptococcus*, --*Mycoplasma pneumoniae*,--*Mycobacterium tuberculosis*--*Mycoplasma pneumoniae*, --*Chlamydia pneumoniae*, --*Streptococcus pneumoniae*, --Viruses (RSV parainfluenza,Influenza,adenovirus, rhinovirus),--*Mycobacterium tuberculosis*Modified with permission of Elsevier from Lichenstein R, Suggs AH, Campbell J. Emerg Med Clin North Am 2003; 21:437--451.

Pleural Effusion and Empyema {#Sec3}
----------------------------

A pleural effusion is broadly defined as an abnormal collection of fluid in the space between the parietal and visceral pleuras and may arise from a variety of processes that alter the normal flow and absorption of pleural fluid. The most common causes of pleural effusions in children are pneumonia (parapneumonic effusion), congenital heart disease, and malignancy. A diagnostic or therapeutic thoracentesis is usually indicated to determine the nature of the effusion as well as to relieve associated dyspnea and respiratory compromise.

An empyema is characterized by the presence of pus, with polymorph nuclear leukocytes and fibrin, in the pleural space. Nearly one-half of all children with pneumonia will develop parapneumonic effusions, but fewer than 5% of these effusions progress to empyema. However, the incidence of empyema complicating community-acquired pneumonia is increasing, which causes significant childhood morbidity ([@CR6]). Progression of a pleural effusion to empyema is through a three-stage evolution: (1) exudative, (2) fibrinopurulent, and (3) organization. Most commonly pleural effusions do not progress beyond the exudative phase and resolve with antibiotics alone ([@CR4], [@CR7]). The second stage is heralded by the arrival of bacteria, by pleural invasion from the contiguous pneumonic process. Progression occurs with polymorph accumulation and fibrin deposition; membrane formation occurs and the developing empyema may become compartmentalized or loculated. The chemistry profile of pleural fluid is characterized by a decrease in pH and glucose concentrations and an increase in lactate dehydrogenase concentration (LDH). The most common organisms encountered in pleural fluid in children are *S. aureus, S. pneumoniae, H. influenzae,* and *S. pyogenes* ([@CR1]--[@CR5]). If a fibropurulent pleural effusion is not adequately treated, then the third organizing phase develops. Fibroblasts grow into the exudate from the visceral and parietal pleural surfaces. An inelastic membrane is formed, which and may encase the lung and pleura, with the potential to restrict respiration. The thick exudate may drain spontaneously through the chest wall or into the lungs, causing a bronchopleural fistula. Other infectious complications of empyema include bacteremia and pericarditis by direct extension or bacteremic seeding, and pneumothorax.

Lung Abscess {#Sec4}
------------

A lung abscess is an accumulation of inflammatory cells accompanied by tissue destruction or necrosis that produces one or more large cavities in the lung. It is arbitrary to designate larger cavities by the term lung abscesses and smaller, multiple cavities with similar histology by the term necrotizing pneumonia. Necrotizing pneumonia is an acute fulminating infection of the lung parenchyma, characterized by vascular thrombosis and rapid tissue breakdown leading to multiple thin-walled cavities. Pulmonary abscess is a more chronic thick-walled cavity in the lung, usually encountered in patients with chronic debilitating states. Anaerobic bacteria and *S. aureus* are most frequently implicated with the formation of a lung abscess. Complications of lung abscess include rupture into adjacent compartments, which occurs more frequently with *S. aureus.* Localized bronchiectasis may also occur as a complication.

Epidemiology {#Sec5}
============

According to the WHO, there are over 150 million cases of pneumonia annually in the world in children less than 5 years of age ([@CR8]). In the United States, 20 million hospitalizations in the pediatric population occur, although many are of viral etiology ([@CR8]). Each year in the developed nations, 5--10% of children under the age of 5 years will develop pneumonia ([@CR5]). The incidence of pneumonia in children is approximately 34--40 per 1,000 ([@CR9]). Approximately one-half of children younger than 5 years with community-acquired pneumonia require hospitalization ([@CR10]). Complicated pneumonia such as necrotizing pneumonia and abscess formation has been noted to increase in incidence over the years between 1990 and 2005 ([@CR11], [@CR12]). Parapneumonic effusions complicate pneumonia between 36 and 56% of cases with an incidence between 0.4 and 0.6 per 1,000 cases ([@CR13]). Empyema complicates an estimated 0.6% of all childhood pneumonias, resulting in an incidence of 3.3 per 100,000 children ([@CR6]). Unlike in the adult population, most pediatric patients recover without mortality whereas in adults, the mortality rate has been reported to be up to 20% ([@CR6], [@CR11]). There has been an emergence of community-acquired methicillin-resistant *S. aureus* (MRSA) in pediatric pneumonia, originally thought to be mainly hospital acquired ([@CR14]). An aggressive infection, MRSA pneumonia, has been reported to present with high fever, leukopenia, rapidly progressing respiratory distress, development of multilobar infiltrates with effusions, and empyema ([@CR15], [@CR16]). Intravenous antibiotics are first-line therapy and surgical treatment may be needed in patients with MRSA pneumonia complicated by empyema ([@CR15]).

Overall Cost to Society {#Sec6}
=======================

In the adult population in Europe, the cost to society resulting from uncomplicated pneumonia is estimated at \$8 billion, with 1.1 million cases per year ([@CR17]). Childhood pneumonias are a frequent cause of doctor visits, antibiotics prescriptions, loss of work days of parents, and reduction of quality of life ([@CR18]). For example, the mean number of work days lost by mothers ranged between 0.2 and 4.2 days ([@CR18]). No additional specific US pediatric cost data were found in the literature. However, there has been one cost-effectiveness analysis reported, related to pneumonia with pleural involvement, treated by either thoracentesis, chest tube/pleural drain placement, or video-assisted thoracoscopic surgery (VATS) ([@CR13]).

Length of hospitalization has been compared between different treatment strategies of parapneumonic effusions, or empyema. In a randomized controlled trial, gross total cost of hospitalized patients requiring intervention to treat parapneumonic effusions has been demonstrated to be approximately equal for treatment with VATS versus chest tube placement, resulting in total charges of approximately \$21,947 versus \$19,714 on average, respectively. However, hospital length of stay was on average 6 days for patients who underwent VATS and 13 days for patients who underwent chest tube placement ([@CR13]).

Goals {#Sec7}
=====

The main goal in imaging pulmonary infections is early diagnosis. This will aid in early and adequate treatment and may prevent potential complications. When there is pleural effusion, imaging guides appropriate management. The standard treatment of pneumonia and its complications may include all or part of the following: antibiotics, thoracentesis, chest tube placement, fibrinolytic therapy, or surgical debridement of empyema. Severe cases of empyema, for example, often require surgical decortication if there is failure to respond to antibiotic treatment, thoracentesis, or chest tube placement. Appropriate diagnosis and treatment must aim to minimize risk to patients, including that related to ionizing radiation exposure, interventional procedure complications, and surgical complications.

Methodology {#Sec8}
===========

The review of the current diagnostic imaging literature was done using PubMed/MEDLINE covering the years January 1980--December 2008. The search strategy used the following key statements and words: *pediatric, children, neonate, neonatal, pneumonia, empyema, pleural effusion, abscess, VATS.* We excluded non-English journal articles, case reports, animal studies, and basic science articles.

Discussion of Issues {#Sec9}
====================

I. What Are the Clinical Presentation and Predictors of Chest Infections in Children, and Which Findings Raise the Suspicion for Complications? {#Sec10}
===============================================================================================================================================

*Summary of Evidence*: Clinical presentation and diagnosis of pneumonia vary with age and pathogen, with tachypnea being the single most predictive sign (moderate evidence).

The clinical exam does not reliably diagnose pneumonia nor distinguish between viral and bacterial pneumonias (moderate evidence).

*Supporting Evidence*: The goal of clinical evaluation is to confirm the clinical diagnosis and to assess severity of disease ([@CR10]). The typical presentation is cough and respiratory distress, sometimes with fever and muscle aches. History, physical examination, laboratory testing, and radiographic testing are the primary components of the diagnostic workup. History focuses on assessment of age, presence of fever, chest pain, dyspnea, immunizations, duration of symptoms, exposure to sick contacts, and recent travel. In a study of 110 children with respiratory infections, tachypnea emerged as the best clinical sign for identifying pneumonia, with a sensitivity of 74% and a specificity of 67% ([@CR19]). Although there may be findings suggestive of either viral or bacterial pneumonia, the clinical exam does not reliably diagnose pneumonia nor distinguish between viral and bacterial pneumonias. Models that have been tested in adult populations based only on clinical information in the absence of imaging do not reliably predict the presence of pneumonia ([@CR20]).

Laboratory evaluation includes a complete blood count and leukocyte differentiation. In children with severe symptoms or if outbreak is suspected, microbiology of sputum and blood cultures may be useful ([@CR21], [@CR22]). The diagnosis of pneumonia is often confirmed and defined by the presence of a lung opacity on chest radiography. Accepted indications for a chest radiograph include severe disease, confirmation of non-specific clinical findings, assessment of complications, and exclusion of other thoracic causes of respiratory symptoms ([@CR23], [@CR24]).

In the neonatal period, pneumonia is virtually always due to bacteria, particularly group B *Streptococcus* as well as *E. coli, H. influenzae*, and --*Listeria monocytogenes* ([@CR25]). Physical findings and clinical signs of pneumonia are often non-specific but include fever, temperature instability, difficulty feeding, and restlessness ([@CR10]). In this population, viral pneumonia is rare due to conferred maternal antibody protection, whereas bacterial pneumonia is most frequently due to pathogens acquired during labor and delivery and is more prevalent in premature babies. In keeping with dropping maternal antibody levels, viral childhood pneumonia occurs at a peak between 2 months and 2 years of age ([@CR7]). Presenting signs and symptoms in this age group remain non-specific and include cough, fever, temperature instability, abnormal leukocyte count, findings of sepsis, and respiratory distress ([@CR10]). In older children from 2 years to 18 years of age, bacterial infections become relatively more common. In addition to previously mentioned symptoms, pleuritic chest pain may occur ([@CR7], [@CR10]). In a retrospective case series of 79 patients who presented with at least one symptom of fever, cough, sputum production, chest pain, dyspnea, or course crackles, pneumonia was diagnosed using chest radiography as the gold standard in 24 (prevelance: 30%) ([@CR26]). In this study group, a combination of all four symptoms of fever, cough, sputum, and course crackles yielded a sensitivity and specificity of 91.7 and 92.7% for clinical detection of pneumonia.

Viral Versus Bacterial Pneumonia {#Sec11}
--------------------------------

If possible, differentiation between bacterial and viral etiologies of pneumonia would be helpful for treatment decisions. As mentioned previously, age is an important criterion. In bacterial infection, pulmonary findings are most commonly limited to one anatomic area on physical examination, and symptoms include fever, moderate-to-severe respiratory distress, and chest pain ([@CR27]). Primary viral infection is considered more likely if symptoms include wheezing ([@CR27]). There is a gradual onset of symptoms such as fever, congestion, rhinorrhea, and wheezing ([@CR27]--[@CR29]). Children with viral pneumonias also tend not to appear as toxic as those with bacterial pneumonia ([@CR28]). In addition, viral illnesses may often precede bacterial infection ([@CR27]).

Lung response to an infective antigen may be more age specific than antigen (i.e., bacteria versus viral) dependent. Virkki et al. performed a study in 254 children admitted with diagnosis of community-acquired pneumonia to evaluate the role of chest radiography, total white blood cell count, serum C-reactive protein, and erythrocyte sedimentation rate ([@CR30]). They found that 71% of children with lobar opacities demonstrate laboratory evidence of a bacterial infection, but interstitial opacities were seen with approximately equal frequencies in viral and bacterial pneumonias. Of children less than 2 years, 38% had bacterial infections and 60% viral, whereas in older children bacterial pneumonias were more prevalent (49%) than viral (22%), the remainder being of mixed etiology. Likewise, Korppi et al. performed a study of 61 children treated for radiologically and microbiologically confirmed viral or bacterial pneumonia ([@CR31]). Chest radiographs were independently reviewed by two radiologists, and they found that 74% of the patients with alveolar and 62% with interstitial pneumonias had bacterial infection. An interstitial pattern of pneumonia on chest radiographs is therefore non-specific: it could be due to viral (26%), bacterial (30%), or mixed (44%) etiologies. Hence, distinguishing between viral and bacterial pneumonias in pediatric patients remains problematic, given the number of clinical and radiographic findings that overlap.

Parapneumonic effusions and empyema in children are complications and follow acute bacterial pneumonias ([@CR12], [@CR32]). Rare causes of empyema include distant spread from other sources of infection such as osteomyelitis of the ribs, septic emboli, and lung abscesses. Children typically present ill-appearing, febrile, and with unilateral chest signs ([@CR12], [@CR32]).

II. When Are Chest Radiographs Useful in Children with Suspected Pneumonia? {#Sec12}
===========================================================================

*Summary of Evidence*: Chest radiographs may have a role in evaluating for pneumonia in the clinical presentation of fever of unknown origin (limited evidence).

Chest radiographs are sufficiently sensitive and highly specific for the diagnosis of community-acquired pneumonia (moderate evidence).

Imaging studies have limited value in the differentiation between viral and bacterial lower respiratory tract infections (moderate evidence).

*Supporting Evidence*

***Fever of Unknown Origin***

There are currently varying data regarding the utility of chest radiographs for fever of unknown origin. Only 0--3% of infants with fever of unknown origin had a positive chest radiograph demonstrating pneumonia, and therefore chest radiography appears to have limited utility in this age group ([@CR33], [@CR34]). This contrasts with a prospective study of 278 children aged less than 5 years with fever and leukocytosis, to determine the incidence of radiographic findings of pneumonia, which was found not only in 40% of those with clinical findings suggestive of pneumonia but also in 26% of those without clinical evidence of pneumonia. Accounting for the 53 children in whom no chest radiograph was taken and who were presumed to not have pneumonia, this study estimated the minimum incidence of clinically occult pneumonia in this population as 19% ([@CR35]).

***Neonatal Pneumonia***

Chest radiographs are commonly used in the neonatal intensive care unit, but the radiographic findings of neonatal pneumonia substantially overlap with those of other causes of the neonatal respiratory distress syndrome. Although evidence for this practice is lacking, a negative chest radiograph result allows the neonatologists to stop antibiotic treatment at 3 days of age, if other tests are also negative.

***Community-Acquired Pneumonia***

Chest radiography is the standard first-line imaging tool for the evaluation of suspected pulmonary infections, particularly in suspected community-acquired pneumonias. However, a Cochrane review of a randomized trial of 522 children, aged 2 months to 5 years, performed by Swingler and Zwarenstein failed to demonstrate any evidence that chest radiography improves outcome in ambulatory children with lower respiratory tract infection ([@CR36]). Up to 10% of pediatric patients with proven pulmonary infection can have a normal chest radiograph (sensitivity 90%) ([@CR17]). Table [27.2](#Tab27_2_147877_1_En){ref-type="table"} summarizes the test characteristics of the only three studies in which complete sensitivity and specificity data of chest radiography are available: reported sensitivities range between 71 and 87% and specificities from 90 to 98% ([@CR37]--[@CR39]). In a few more limited studies, sensitivity and specificity values were not directly specified, but accuracy was reported to range between 58 and 77% ([@CR38]--[@CR40]).Table 27.2.**Diagnostic performance of clinical exam and chest radiography in detection of pneumonia in non-immunocompromised patients**Clinical exam:AuthorYearStudy sizeFindingSensitivity (%)Specificity (%)Palafoxet al. ([@CR19])2000110Tachypnea7467Okimotoet al. ([@CR26])200679If all of following present: fever, cough, sputum production, dyspnea91.792.7 Chest RadiographyAuthorYearStudy sizeSensitivity (%)Specificity (%)PPV (%)NPV (%)Rigsbyet al. ([@CR37])20042408598n/an/aLammeet al. ([@CR38])198617981--8795--96n/an/aPatenaude et al. ([@CR39])19953737190n/an/aGraffelman et al. ([@CR20])2007129n/an/a7557Summary: Reported sensitivities range between 71 and 87% and specificities from 90 to 98% ([@CR37], [@CR38], [@CR39]).

In the evaluation of children with pneumonia, frontal views are most useful when lobar (bacterial) pneumonia is present. When pneumonia has been defined as "a focus of streaky or confluent lung opacity," the sensitivity and specificity of the frontal view alone were 85 and 98%, respectively. For opacities that are confluent and lobar in distribution (not streaky or non-segmental/non-lobar), the sensitivity and specificity increased to 100% ([@CR37]). However, this study also suggested that non-lobar types of infiltrates will be underdiagnosed in 15% of patients if only the frontal view is used.

***Differentiation of Bacterial and Viral Pneumonias***

When viral causes of respiratory infection such as bronchiolitis are suspected, chest radiographs may not be needed in uncomplicated cases. In a retrospective study of 298 patients in an urban children's hospital at the University of Colorado by Roback et al., clinicians did not typically obtain chest radiographs in first-time wheezing episodes, whereas there was a higher utilization of radiographs in patients with elevated temperature, absence of family history of asthma, and localized wheezing on physical examination ([@CR40]). Perlstein et al. developed a publication of a set of evidence-based guidelines, as implemented at the Children's Hospital of Cincinnati, that demonstrated 20% decrease in the number of chest radiographs ordered ([@CR40], [@CR41]). In another study of 72 adult patients by Graffelman et al. in the primary care setting, limited value was found using chest radiography in predicting the etiology of viral versus bacterial lower respiratory infections. The positive predictive value and the negative predictive value for bacterial infection were 75 and 57%, respectively ([@CR42]).

III. How Does Chest Radiography Compare to Cross-Sectional Imaging in the Evaluation of Chest Infections in Children? When Is Chest CT Indicated? {#Sec13}
=================================================================================================================================================

*Summary of Evidence*: Chest CT is not warranted in uncomplicated pneumonia (moderate evidence).

CT provides more information than plain radiographs for complicated pulmonary infections with empyema, pleural effusion, or bronchopleural fistula (moderate evidence).

In immunocompromised patients, CT has been shown to characterize the type of infection better than plain radiographs (moderate evidence).

*Supporting Evidence*: Given satisfactory performance of chest radiographs in uncomplicated community-acquired pneumonias, CT is not recommended for evaluation of pulmonary infections without empyema, pleural effusion, or bronchopleural fistula.

***Pneumonia with Complications (Table*** [***27.3***](#Tab27_3_147877_1_En){ref-type="table"} ***)*** Table 27.3.**Review of literature on CT diagnostic performance in all populations of pediatric patients (community-acquired pneumonias, immunocompromised patients): Evidence table**AuthorYearStudy sizeObjectiveStudy typeConclusionsKuhlman et al. ([@CR47])198710To evaluate whether CT findings impacted clinical decision makingCase seriesCT directly affected patient management in 7; CT demonstrated the halo sign in 8/9 patients with early CT scans; fluffy masses, cavitation, or air crescent signs in 5/7 patients with serial CT scansMori et al. ([@CR46])199155To compare chest radiography and chest CT in febrile bone marrow transplant patients for evaluation of pulmonary infectionCase seriesCT scans demonstrating nodules in febrile BMT patients strongly indicate fungal infection Negative CT studies suggest extrapulmonary infection CT appears to add useful information to radiographic analysis during the assessment of febrile episodes in BMT patientsBarloonet al. ([@CR54])199133To assess if CT added specificity to plain chest radiographyCase series16 cases, CT added no additional useful information but in 17 cases, CT added confidence and changed management (biopsy, changing antibiotics, bronchoscopy)Janzenet al. ([@CR49])199345To compare CT and chest radiography in diagnosis of pneumonia in immunocompromised patients (non-AIDS)Case seriesFor CT, sensitivity and specificity in detecting pulmonary complications was 100 and 98% For chest radiography, sensitivity and specificity in detecting pulmonary complications was 98 and 93% CT was correct in first-choice diagnosis in 44% and chest radiograph was correct in 30% CT identified the diagnosis within the top three differential considerations in 70% and chest radiography in 53% Chest radiographs and CT scans have comparable sensitivity CT is superior to chest radiography in differential diagnosisWiner-Muram et al. ([@CR45])199748To determine the diagnostic accuracy of chest radiographs versus chest CT in patients during treatment for hematologic malignanciesCase seriesBoth chest radiographs and CT have satisfactory accuracies for fungal pneumonia or cryptogenic organizing pneumonia CT identified more true-positive cases than did chest radiographsHeussel et al. ([@CR53])199787To assess usefulness of CT in early detection of pneumonia in neutropenic patients with unknown infection or non-specific chest radiographsCase seriesCT detected pneumonia 5 days earlier than chest radiography Probability of pneumonia being detected on chest radiographs during a 7-day follow-up of an abnormal CT was 31%, whereas this probability was only 5% when the initial CT was normalDonnelly et al. ([@CR57])199730To compare CT findings of parapneumonic effusions treated with thoracentesis, thoracoscopy, or both, to determine whether these CT findings can reliably differentiate empyemas from transudative parapneumonic effusions in childrenCase seriesNone of individual CT findings or a composite score of findings could accurately differentiate empyema from transudative parapneumonic effusions Pleural enhancement was found in 100% of empyema and 89% of transudative effusions Pleural thickening was found in 57% of empyema and 56% in transudative effusions Abnormal extrapleural space was found in 66% of empyema and 67% of transudative effusions Extracostal chest wall edema was found in 33% of empyemas and 56% of transudative effusionsDonnelly et al. ([@CR50])199856To investigate usefulness of CT in evaluating children who do not respond appropriately to treatment for pneumonia when chest radiography is non-contributoryCase seriesCT yielded findings related to parenchymal and pleural complications not seen on chest radiography (pericardial effusion, bronchial obstruction, cavitary necrosis, abscess, decreased enhancement, bronchopleural fistula, or cavity) All CT scans showed at least one significant finding (100% yield) not seen on radiographyDonellyet al. ([@CR52])199817To describe sequential clinical and radiographic findings of cavitary necrosis by CTCase seriesCT effective in identifying loss of lung architecture, decreased enhancement, and multiple cavities with thin, non-enhancing walls CT often detects evidence of cavitary necrosis complicating pneumonia before chest radiographs do

Several studies ([@CR43]--[@CR50]) have demonstrated that CT can often add information to the diagnosis, particularly in fungal infections and in complicated pneumonia cases. In a case series of 42 immunocompetent children, chest radiography was suboptimal in detecting abscesses, bronchopleural fistulae, fluid loculations, and parenchymal involvement when compared to CT ([@CR51]). Chest radiograph accuracy rates were reported as follows: fluid loculations (42%), abscess formation (40%), bronchopleural fistulae (33%), and parenchymal involvement (84%). A limitation of this study is the lack of reported sensitivity and specificity values. Donelly and Klosterman performed a study of 56 patients with complicated pneumonia who were not responding to treatment. Chest CT was compared to a chest radiograph performed earlier on the same day. CT scans were evaluated for the presence of cavitary necrosis, abscess, bronchopleural fistula, cavitation, loculated pleural effusions, malpositioned chest tube, pericardial effusion, or bronchial obstruction ([@CR50]). All 56 CT scans demonstrated at least one of the above findings that were not seen on chest radiographs ([@CR50]). A total of 110 findings were seen on CT and not on chest radiography, with an average of approximately two findings per CT scan. Parenchymal complications totaled 40 and pleural complications 37. In another retrospective analysis of 17 children who underwent both CT scanning and chest radiography, evidence of cavity necrosis is often seen on CT before or in the absence of findings on chest radiographiy ([@CR52]).

***Immunocompromised Children with Pneumonia***

In the high-risk immunocompromised patients, it is absolutely critical to have a high sensitivity, as failure to detect results in failure to treat and subsequent high mortality ([@CR45]). CT has been shown to have higher accuracy than plain radiography for early detection of pneumonia in immunocompromised and hospitalized patients ([@CR45], [@CR48]). For example, in a series of 48 patients (median age of 11 years and range of 2--19 years), chest radiographs and CT were rated independently by three experienced radiologists and subsequently correlated with biopsy or bronchoscopic washing results. CT was shown to identify more true-positive cases of bacterial and fungal pneumonias than radiography (91 versus 85%). Unfortunately, no detailed numbers of sensitivity and specificity were cited ([@CR45]). In 87 adult patients with febrile neutropenia (median age 47, range 18--80 years), CT detected pneumonia 5 days on average earlier than chest radiographs and was more sensitive in the detection of poorly defined opacities, ill-defined nodules, consolidation, ground-glass opacities, pleural effusions, cavitations, and bullae ([@CR53]). For the evaluation of children who are severely ill or immunocompromised for fungal infections and *Pneumocystis carinii* pneumonia (PCP), CT can add value. Janzen et al., in a retrospective review of 45 children who underwent both CT and chest radiography, found that the first-choice diagnosis was correct in 44% on chest CT and correct in 30% on chest radiography (*p* \< 0.05) ([@CR49]). Equivocal or normal chest radiographs are common, reported up to 39% in patients with PCP infection and up to 10% of patients with known pulmonary disease ([@CR17]). CT can aid in the detection of fungal infections via identification of nodules, cavitation, ground-glass opacities, and halo effect ([@CR45]--[@CR47]). CT can play an important role such as in evaluating pulmonary aspergillosis and candidal pneumonias ([@CR45]). In another study to evaluate if CT adds information to chest radiography, 33 cases were reviewed retrospectively ([@CR54]). It was found that in 16 cases CT added no additional useful information, but in 17 cases CT added confidence and changed management (biopsy, changing antibiotics, bronchoscopy).

***Nosocomial Infections and MRSA Pneumonia***

In the case of nosocomial infections, such as multidrug-resistant infections (MRSA pneumonia), CT offers a rapid and decisive diagnosis ([@CR14]). For aspiration pneumonias, chest radiographs alone are usually adequate for diagnosis and to ensure resolution. The primary role of imaging has been the detection and monitoring of complications from the pneumonia.

IV. What Is the Role and Diagnostic Performance of Imaging Studies (Radiography, Ultrasound, and CT) for Treatment Planning of Complicated Pneumonia with Empyema and Parapneumonic Effusions? {#Sec14}
==============================================================================================================================================================================================

*Summary of Evidence*: Chest imaging can be used to distinguish between the exudative and organizing phases of pleural effusion, through demonstration of atypical layering patterns on decubitus radiography, complexity of pleural fluid on ultrasound, and loculations of heterogeneous fluid on CT (moderate evidence).

Ultrasound has an advantage over CT in the identification and characterization of complicated effusions, also being more cost-effective and not employing ionizing radiation (moderate evidence).

*Supporting Evidence*: The diagnosis of pleural effusion can be readily achieved via radiography, ultrasound, or CT. There are several studies evaluating the prognostic implications of the use of ultrasound versus CT and the implications for treatment decisions. Ultrasound can be helpful in both prognosis and treatment decisions. It is a low-cost test, widely available, portable, does not use ionizing radiation, and rarely requires sedation. This has to be contrasted to CT, which has a relatively high radiation dose, in the order of 100 times that of a chest radiograph. Ultrasound is effective in demonstrating "high-grade" effusions containing septations, fronds, loculations, and debris. US depiction of the thickness and number of these septations predicts the success of chest tube drainage ([@CR55]). CT assists in providing a global assessment for pre-therapy planning, including the ability to demonstrate size, possible loculations, and the extent of lung involvement, including abscess formation or necrosis ([@CR51]). Kearney et al. demonstrated in a retrospective review of 50 patients who underwent both US and CT that, although both US and CT have effective roles, neither technique reliably identified the stage of pleural effusions or predicted whether patients would require surgical intervention ([@CR56]).

Donnelly et al. have shown in a retrospective review of 30 patients who received a chest CT with subsequent pleural fluid analysis that CT characteristics of a parapneumonic effusion do not allow one to predict empyema and distinguish it from a transudative process ([@CR57], [@CR58]). Experienced radiologist reviewers rated the presence of pleural enhancement (seen in 100% of empyemas and in 89% of transudative effusions), pleural thickening (57 and 56%, respectively), abnormal extrapleural space (66 and 67%, respectively), and extracostal chest wall edema (33 and 56%, respectively) ([@CR57]).

A retrospective analysis of 46 pediatric patients with empyema by Ramnath et al. found that early sonographic evaluation of parapneumonic effusions led to decreased hospital length of stay for high-grade effusions and effective triage into two groups, operative (20 patients) versus non-operative treatment (26 patients) ([@CR55]). Operative therapy included video thoracotomy, open decortication, or pleural debridement, and non-operative therapy included antibiotics alone with or without thoracentesis or chest tube placement. When the ultrasound detected high-grade effusions (evidence of organization such as fronds, septations, or loculations), the hospitalization stay was shorter (8.6 days) for patients eventually treated operatively, compared to those who were not (16.4 days). In non-operated patients in whom ultrasound revealed low-grade effusions, there was no significant difference in hospital stay length between patients treated with antibiotics alone and chest tube drainage ([@CR55]). In another study, ultrasound has also been shown to be quite effective in identifying empyemas ([@CR59]). In this prospective study of 1640 febrile patients admitted to the ICU, 94 patients underwent 118 ultrasound-guided thoracenteses for pleural effusions, identified by chest radiography and ultrasound. In 11/31 studies where a complex septated pattern and in all four where a diffusely hyperechoic pattern was reported, empyemas were confirmed with thoracentesis. On the other hand, in none of the remaining 83 studies where an anechoic or complex non-septated/hypoechoic pattern was reported were empyemas diagnosed.

V. What Are the Relative Roles of Imaging in Medical Therapy, Minimally Invasive Intervention such as Thoracotomy or Thoracentesis, and Surgical Treatment for Pneumonia Complicated by Pleural Involvement? {#Sec15}
============================================================================================================================================================================================================

*Summary of Evidence*: Early detection of complicated pneumonia by imaging and subsequently early intervention result in better patient outcomes (moderate evidence).

Currently, there is no strong evidence to support or not support fibrinolytic therapy for childhood empyema in conjunction with image-guided interventions (insufficient evidence). While it may result in more rapid treatment response, side effects and the pain from this treatment limit its current use.

There is strong evidence in the surgical literature that early surgery (VATS) is more cost-effective than thoracotomy (without or with image guidance) in the treatment of empyemas in children (strong evidence).

*Supporting Evidence*

***Image-Guided Thoracentesis and Chest Tube Placement***

As pleural effusions evolve, antibiotic therapy alone may not be sufficient. More aggressive intervention is often required. Beyond antibiotics, minimally invasive therapy with image-guided thoracentesis or chest tube drainage may be necessary. Thoracentesis is a standard procedure for the management of pleural effusions in adults. However, in children, thoracentesis is not easily performed as this procedure requires cooperation and frequently sedation. Patients treated with thoracentesis have been reported to require additional interventions due to recurrence ([@CR4], [@CR6], [@CR60]). For example, Tu et al. found in 94 ICU patients with a pleural effusion suspected to have empyema that additional interventions were often needed; a total of 118 image-guided thoracentesis procedures were performed in this group ([@CR59]). A prospective study of 67 patients with empyemas found that single chest tube placement versus repeated thoracentesis had no significant difference in outcome, thereby supporting that in children early thoracotomy tube drainage is preferred to thoracentesis, in order to avoid repeat interventions ([@CR61]). In this study, the patients were prospectively divided into two treatment arms: chest tube placement (32 patients) and ultrasound-guided thoracentesis (35 patients). As assessed by chest radiography, the amount of fluid drained, the number of days that the patient was febrile, and the duration of antibiotic therapy, no statistical differences were found between both treatment arms.

Thoracentesis or single chest tube placement may not be beneficial in the presence of loculations and adhesions by fibrin. The aim of using fibrinolytic therapy in such cases is to improve drainage of pus by lysis of the fibrinous bands.

***Fibrinolysis***

A recent meta-analysis has shown that, in adults, intrapleural fibrinolytic therapy confers significant benefit in reducing the requirements for surgical intervention for patients in the early studies included in the review, but not in the more recently published studies ([@CR62]). Separate subgroup analysis of proven loculated/septated effusions suggests a potential overall treatment benefit with fibrinolytics, but these results should be treated with caution. In children, fibrinolytic therapy has been reported in three studies with about 64 cases ([@CR63]). There were no in-hospital deaths. The aggregate data revealed a failure rate of 9.3% and a complication rate of 12.5%. One of the studies was a 10-center randomized prospective study of urokinase undertaken by the British Paediatric Respiratory Society Empyema Study Group ([@CR64]). They reported a slight reduction in length of stay in hospital compared to the saline group (7.4 versus 9.5 days). However, a major surgical concern with this therapy is that patients may be more likely to fail rescue VATS, as it has been suggested that urokinase causes intrapleural adhesions to become very adhesive ([@CR6]).

***Beyond Image-Guided Thoracentesis or Thoracotomy: Surgery***

In cases not amenable to minimally invasive image-guided procedures such as thoracentesis or simple chest tube placement without or with fibrinolysis, surgical interventions including video-assisted thorascopic surgery (VATS) or thoracotomy can be effective options ([@CR13], [@CR63]). VATS is a relatively safe and effective treatment for complicated pleural effusion and empyema.

Early intervention with VATS can result in better outcomes ([@CR13], [@CR65]). Luh et al., using VATS, described an 86.3% satisfactory result in 234 patients with complicated pneumonia with effusions or empyema ([@CR65]). In a prospective randomized trial, Kurt et al. found that early intervention with VATS was superior to conventional thoracotomy drainage ([@CR13]). These surgical papers may be biased toward operative in favor of image-guided intervention. However, even a meta-analysis, performed to evaluate primary operative versus non-operative therapy in children with empyema, suggested a more favorable response with early surgical intervention (VATS or thoracotomy) ([@CR63]). In this meta-analysis, primary operative therapy was associated with lower in hospital mortality rate, re-intervention rate, length of stay, time with tube thoracotomy, and time of medical therapy when compared to medical management.

Take Home Tables and Figures {#Sec16}
============================

Tables [27.1](#Tab27_1_147877_1_En){ref-type="table"}, [27.2](#Tab27_2_147877_1_En){ref-type="table"}, and [27.3](#Tab27_3_147877_1_En){ref-type="table"} show data on infectious pneumonia by age, diagnostic performance of clinical exam and chest radiography in detection of pneumonia in non-immunocompromised patients, and a literature review of CT diagnostic performance in all populations of pediatric patients, respectively.

Figure [27.1](#Fig27_1_147877_1_En){ref-type="fig"} is a diagnostic and therapeutic imaging workup algorithm for pneumonia with pleural effusion in immunocompetent children. Figures [27.2](#Fig27_2_147877_1_En){ref-type="fig"} and [27.3](#Fig27_3_147877_1_En){ref-type="fig"} show the role of ultra-Figure 27.1.Diagnostic and therapeutic imaging workup algorithm for pneumonia with pleural effusion in immunocompetent children. Figure 27.2.Empyema: role of ultrasound. Chest radiograph (**A**) shows left-sided pleural collection. Ultrasound images (**B, C**) demonstrate this collection to be complex (grade 2), with loculations, echogenic fluid, and fibrous adhesions. Figure 27.3.Empyema: role of CT. Radiograph (**A**) and CT (**B**) demonstrate left-sided pleural collection with mass effect, consistent with empyema. Radiograph (**C**) and CJ (**D**) following chest tube placement show thickening of the visceral pleura consistent with pleural, fibrosis (organization phase, grade 3), preventing full expansion of the left lung.

sound and CT in empyema. Figure [27.4](#Fig27_4_147877_1_En){ref-type="fig"} shows how CT can be used to differentiate empyema from lung abscess. Figure 27.4.Use of CT to differentiate empyema from lung abscess. Radiograph (**A**) and CT (**B**) demonstrate a fluid collection with mass effect on the lung (*arrows*), which forms an obtuse angle with the pleura, consistent with a pleural abscess (empyema). Radiograph (**C**) and CT (**D**) demonstrate a gas- and fluid-containing lung mass, which forms a sharp angle with the pleura, confirming its intraparenchymal location.

Case Imaging Studies {#Sec17}
====================

Case 1 {#Sec18}
------

Figure [27.5](#Fig27_5_147877_1_En){ref-type="fig"} presents CT in a child with acute lymphatic leukemia with ARDS. Figure 27.5.CT in a child with acute lymphatic leukemia with ARDS: multiple pulmonary nodules, several of which are cavitating (*arrow*), findings that raise specificity for opportunistic fungal infection.

Suggested Imaging Protocols {#Sec19}
===========================

Radiography {#Sec20}
-----------

Posterior--anterior (PA) and lateral views are optimal whenever possible. Anterior--posterior (AP) views are also very useful. In suspected effusions, decubitus views can be useful in distinguishing free-flowing pleural fluid versus loculated fluid collections. However, in the presence of extensive pulmonary parenchymal consolidation, the value of decubitus films to identify loculated versus free pleural fluid is severely limited.

Ultrasound {#Sec21}
----------

Technique includes screening of the whole pleural space, not just the lung bases. Lower frequency (3.5--7 MHz) sector transducers are used initially for more overview through inter- and subcostal scanning; higher frequency (10--12.5 MHz) linear transducers are helpful for more detail in the near field, prior to marking for needle placement ([@CR66]).

Chest CT {#Sec22}
--------

In chest infections, use of intravenous contrast is almost always indicated. Lower mA techniques (and kVp reduction in small children) can be used than in the abdomen, due to the high intrinsic contrast of lung parenchyma; further dose reduction is possible with follow-up of large lesions (abscess, empyema pockets) and for checking the position of chest tubes. Coronal reformats and 3D renditions (virtual bronchoscopy) are sometimes helpful tools prior to bronchoscopy or surgery.

Future Research {#Sec23}
===============

What is the cost-effectiveness of CT in management of empyema and parapneumonic effusions?Can findings on imaging (plain radiography, ultrasound, CT) predict likelihood of success of various interventions for complications of pneumonia?How can ultrasound, a non-irradiating modality, be utilized more in the evaluation of pulmonary infection and its complications?What is the role of MR, a more expensive but non-ionizing modality, for evaluation of pulmonary infection complications ([@CR67])?A prospective clinical trial to compare the benefits (including cost-effectiveness) of optimal image-guided intervention (with fibrinolysis) to early surgery (VATS) for the treatment of empyemas in children.
